A new method for the construction of 2-substituted and 2,2-disubstituted chromans via Pdcatalyzed carboetherification reactions between aryl/alkeny halides and 2-(but-3-en-1-yl) phenols is described. These reactions effect formation of a C-O bond and a C-C bond to afford the chroman products in good yield, and also provide stereoselective access to tricyclic chroman derivatives.
poor reactivity of phenols such as 5 in Pd/Dpe-Phos-catalyzed carboetherifications: (a) the relatively low nucleophilicity of phenols as compared to aliphatic alcohols; and (b) use of the chelating bis-phosphine Dpe-Phos, which may disfavor generation of the reactive monophosphine intermediate. These factors apparently slow the catalytic reaction to the point that alkene isomerization of 5 to 6 occurs more rapidly than the desired transformation.
The hypothesis outlined above suggests that use of catalysts bearing monodentate phosphine ligands may provide improved results in carboetherification reactions of phenol derivatives, as these ligands could potentially facilitate the key alkene insertion step. In addition, we also anticipated that the conversion of 2-(but-3-en-1-yl)phenol (7) to chroman 8 (Table 1 ) may be more straightforward than the analogous transformation of 2-allylphenol (5) to a benzofuran derivative, as 7 should be much less prone to base-mediated alkene isomerization than 5. Thus, we elected to initially examine the coupling of 7 with bromobenzene using the biaryl monophosphine ligand S-Phos. We had previously found this ligand provided good results in other challenging carboetherification reactions, 5e and we were gratified to discover these conditions afforded the desired product 8 in 86% isolated yield. A quick survey of related biaryl phosphines did not lead to any further improvement in yield (entries 2-5), and DpePhos produced 8 in only 30% yield (entry 6).
In order to examine the scope of the phenol carboetherification reactions, a number of substrates with different substitution patterns were synthesized and subjected to the optimized reaction conditions. As shown in Table 2 , substrates 7, 9, and 10 were converted to 2-substituted-or 2,2-disubstituted chromans in moderate to good yield (entries 1-9). In addition, cyclopentane-and cyclohexane-derived substrates 11-12 were transformed to tricyclic products 22-24 with high diastereoselectivity (entries 10-12). However, stereocontrol was poor in the reaction of 13 with 4-bromo-tert-butylbenzene (2:1 dr), and a significant amount (ca. 25%) of an inseparable unidentified low molecular weight side product was also formed (entry 13). In addition, substrates bearing internal alkenes failed to undergo the desired transformation; no reaction was observed at temperatures up to 140 °C. Although these new reaction conditions were generally effective for the preparation of chromans, efforts to transform 5 to substituted benzofuran 26 were still only modestly successful; the desired product was generated in 37% yield (entry 14).
A range of different electrophiles were examined in the carboetherification reactions of 7, 9, and 10. As shown in Table 2 , aryl halides bearing chloride, fluoride, methoxy and diaryl ketone functionality were successfully converted to the desired products. Alkenyl halides were also effective coupling partners in these reactions (entries 6-7), and the coupling of 9 with the heteroaryl halide 3-bromopyridine also proceeded smoothly (entry 4). However, the scope of carboetherification reactions involving 11 and 12 was not as broad, and use of aryl halides that were relatively electron rich or electron deficient led to poor reactivity or low yields.
In conclusion, we have developed a new method for the construction of 2-substituted chroman derivatives via Pd-catalyzed carboetherification reactions. These transformations employ simple substrates, and provide access to a number of different derivatives in a straightforward manner. In addition these are the first examples of Pd-catalyzed alkene carboetherification reactions between aryl bromides and alkenyl phenols, and are also rare cases in which six-membered oxygen heterocycles are generated via 1,2-alkene carboheterofunctionalization processes. Future studies will be directed towards the development of catalysts for enantioselective variants of these transformations. Biologically active 2-benzylchroman derivatives
Palladium-catalyzed carboetherification reactions of alcohols vs. phenols. 
